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been attributed to a reduction in nutrient breakdown by the intestinal microflora of the bird, a decrease in intestinal mass, and a slower rate of passage of digesta [13] [14] [15] .
In recent years, the adoption of least-cost formulation philosophies has resulted in severe scrutiny of diet cost. This in turn has resulted in some integrators opting not to take advantage of antibiotic feed additives like VM. Although low diet cost may be maintained, the integrator misses an opportunity to maximize returns. Others [16, 17] have cautioned about the risks of focusing on lowest feed cost instead of maximum returns.
The objective of the studies reported in this paper was to determine whether the additional diet cost incurred by the use of VM could be offset by the savings on nutrient-sparing and the improvements on live and processed bird performance.
MATERIALS AND METHODS

Experiment 1
This experiment was started on May 6, 2003 and ended on June 26, 2003. The experiment was conducted in a research house at the University of Georgia Poultry Research Center in Athens. One thousand two hundred thirty Ross × Cobb [18] 1-d-old chicks were randomly allocated into 30 pens each containing 41 birds. Three treatments replicated 10 times were used in this experiment. At 1 d of age, 12 randomly chosen chicks were individually identified with neck and wing tags for processing evaluation at the end of the experiment. From 0 to 17 d, the birds on all treatments were fed a crumbled starter diet containing 21.6% CP and 1,391 kcal of ME/lb; the only feed additives included in the starter diet were salinomycin at 50 ppm and Roxarsone at 22.7 ppm. From 17 to 30 d, the birds on all treatments were fed a pelleted grower diet containing 19.6% CP and 1,429 kcal of ME/ lb; the only feed additives included in the grower diet were salinomycin at 50 ppm and Roxarsone at 22.7 ppm. From 30 to 49 d, the birds were fed the experimental withdrawal diets ( Table 1) . The birds on treatment 1 were fed the standard withdrawal diet (STD), the birds on treatment 2 were fed the low nutrient density withdrawal diet (LND), and the birds on treatment 3 were fed the low nutrient density withdrawal diet plus 15 ppm VM (LND+). Based on ingredient prices taken from Feedstuffs (November 3, 2003), the estimated feed cost savings per 2,000 lb of feed when comparing the diets for treatment 1 vs. 2 were $7.93.
Chicks and feed were weighed by pen on d 0, 17, 30, and 49 to calculate average weight gain and feed conversions. The feed conversions were not adjusted for mortality, because this practice is not performed under commercial conditions. After the final weighing on d 49, the tagged birds from each pen were caught for final selection, and the 4 males and 4 females with the lowest tag numbers from each pen were placed back in their corresponding pen and maintained on their treatment diets. The feed was removed from 1 block of birds each at 2130, 2200, 2230, and 2300 h for slaughter at approximately 0930, 1000, 1030, and 1100 h the next day. One group of tagged birds from each treatment (24 birds) was processed at 1 time, individual live weight and sex of each bird were recorded immediately before slaughter, and the eviscerated carcasses were placed in a chill tank (ice water) and allowed to chill for 4 h; after the 4 h of chilling, each carcass was allowed to drain for 5 min, and each was then individually bagged and stored in a cooler overnight (at 4°C). The next day, the carcasses were removed from the cooler in groups of 24 in the same order in which they were processed the previous day for weighing and deboning. The weight of each chilled carcass was recorded immediately before deboning. The breast meat from each carcass was carefully removed, weighed, and individually recorded.
For statistical analysis, a completely randomized block design was used with 3 treatments and 10 replicates. The pen mean was the experimental unit. Data were subjected to AN-OVA using the GLM procedures of SAS [19] . Nonsignificant terms (P > 0.10) were removed from the statistical models. Means were separated using Duncan's new multiple-range test at the 5% level of probability.
Experiment 2
Everything in this experiment was identical to experiment 1 with the following exceptions: the experiment was started on August 19, 2003, 
RESULTS AND DISCUSSION
There were no significant experiment × treatment interactions for any of the measured variables, so data from both experiments were pooled for statistical analysis. There were significant differences due to experiment for most variables. This only indicates that there were some differences in magnitude between the experiments. For instance, birds fed the standard control diet weighed 6.983 lb in experiment 1 but 7.283 lb in experiment 2. Both rates of growth were very good for 0 to 49 d, but chick source, time of year, and so on caused some differences in magnitude between experiments.
Live Performance
Overall, birds fed the low and extra-low nutrient density withdrawal diets plus VM gained more weight than those fed the standard withdrawal diet ( Table 2) . In both experiments, the birds fed VM had the lowest mortality. Although these differences may have been due merely to chance, differences in FCR were not.
The FCR were significantly improved by adding VM to the low and extra-low nutrient density withdrawal diets. The FCR of the birds fed the low and extra-low nutrient density withdrawal diets plus VM approached those of the birds fed the standard withdrawal diets.
Processing Performance
Processing performance results are shown in Table 3 . The live weights of the randomly chosen birds followed the same trends as the entire populations, as did the chilled carcass weights. The live weights of the birds fed the low and extra-low nutrient density withdrawal diets plus VM were very similar to those of the birds fed the standard withdrawal diet, and they were heavier than those of the birds fed the low and extra-low nutrient density diets without VM. Breast muscle weights followed the same pattern as the live weights; birds fed the low and extralow nutrient density withdrawal diets plus VM had heavier breast meat weights than those fed the low and extra-low nutrient density withdrawal diets without VM. Means without a common superscript within columns are significantly different (P < 0.05).
The increased breast meat in the low and extra-low nutrient density withdrawal diets plus VM-fed broilers was due to an increased bird weight ( Table 3 ). The increases in breast meat yield due to added VM were only observed in the males in both experiments. The percentage yield data incorporates variability in breast muscle weights and BW, and it is much harder to detect differences with this type of data. The actual weights of breast muscle meat have the lowest standard errors and are the most reliable and therefore the ones presented in Table 3 .
The fundamental question that producers need to have answered is: "How low in nutrient density can diets be with and without virginiamycin?" From this research, it appears that at least a 2% decrease in protein level (from 17 to 15%) and 25 kcal/lb is a reasonable answer to that question.
The results achieved in experiments 1 and 2 are comparable to what other researchers have observed in both chickens and turkeys [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . The value of VM can be calculated in terms of reduced feed cost but also in terms of reduced mortality. Adding VM to the reduced nutrient density withdrawal diets resulted in a decrease in mortality of about 1% in both experiments (from ∼3 to ∼2%), and this is consistent with research reports and field observations [1-11, 13, 14] . It is more difficult to assign a value to the effect of VM to reduce the incidence of clinical and subclinical necrotic enteritis, but that too should be considered whenever the value of VM is evaluated.
It is a shortcoming of least-cost feed formulation techniques currently used by the industry that they do not typically consider performance resulting from diets of different costs [16, 17] . Least-cost diets should be least cost with respect to providing acceptable levels of performance, but the connection between diet cost and performance is not always made when there is pressure to reduce feed costs. Feed additives like VM should be evaluated in terms of their ability to improve feed utilization or other performance parameters like growth rate or their ability to reduced mortality and morbidity due to enhanced intestinal health. The indiscriminate use of cost-minimizing software for feed formulation is likely to lead to profit minimization as well.
